Introduction
The allergic process is initiated when antigen causes the aggregation of occupied high affinity IgE receptors (Fc RI) expressed on the mast cell surface. This event is followed by the immediate release of pro-inflammatory mediators that contribute to the early phase of the allergic process. 1 In addition, mast cell degranulation induces the onset of a second "late phase"
reaction, four to eight hours later, characterized by the tissue infiltration of inflammatory cells, mainly eosinophils. 2 We have hypothesized that during the late phase of the allergic reaction mast cells interact with and are activated by eosinophils. 3, 4 In fact, we have shown that antigen-challenged rat peritoneal mast cells release histamine following incubation with the eosinophil mediator MBP by a mechanism similar to that of IgE-independent stimuli induced by cationic compounds such as compound 48/80 and substance P. 4 The importance of mast cell activation induced by eosinophil mediators has been underappreciated because isolated human lung and skin-derived mast cells do not release histamine upon incubation with MBP. 5 According to their protease content, human lung mast cells belong to the tryptase positive subtype of mast cells (MC T ). 6 In contrast to the tryptase and chymase positive subtype of mast cells (MC) TC found for example in the skin and intestinal submucosa, 6 MC T are well-known for their unresponsiveness to nonIgE dependent activation. 7 However, mast cell populations can express significant variation in numbers, phenotype and/or function, in different anatomical locations and even in the same tissue under the microenvironment influence, particularly during the course of inflammatory responses. 1 Therefore, we believe that analysis of a particular mast cell population in vitro only.
For personal use at PENN STATE UNIVERSITY on February 23, 2013 . bloodjournal.hematologylibrary.org From may not necessarily reflect its behavior in vivo. Indeed, we have demonstrated that the co-culture of rat or human lung mast cells with 3T3 fibroblasts, a system that mimics mast cell microenvironment in vivo, prolongs mast cell survival and increases mast cell responsiveness to IgE-dependent activation. 8, 9 In addition, mouse bone marrow-derived mast cells, the rodent counterpart of human MC T , acquired responsiveness to IgE-independent stimuli when in co-culture with 3T3 fibroblasts. 10 Moreover, under these conditions, bone marrow-derived mast cells changed their phenotype towards connective tissue mast cells as exemplified by the increase in their histamine content and a marked increase in proteoglycans biosynthesis that bear heparin.
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In the present study we investigated whether highly purified human lung mast cells in co-culture with human lung fibroblasts become responsive to MBP.
Mast cell responsiveness to eosinophil mediators is potentially novel evidence for an alternative pathway of allergen-independent activation able to contribute to disease. We also compared the susceptibility of cord bloodderived mast cells to IgE-independent activation in suspension and in coculture conditions, and we defined a novel role for the fibroblast-derived membrane SCF in this effect.
only.
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Materials and methods

Human cord blood-derived mast cells
Mononuclear cells were isolated from umbilical cord blood as previously described. 12 Cells were seeded at 10 6 cells/ml of MEM-medium containing 10% v/v heat inactivated fetal calf serum (FCS), 100 u/ml penicillin, 100 µg/ml streptomycin, 2 mM L-glutamine, 10 µg/ml ribonucleases (Biological Industries, Beith Haemek, Israel), 100 ng/ml SCF (a generous gift from Amgen, Thousand Oaks, CA), 10 ng/ml IL-6 (PeproTech, Rocky Hill, NJ), and 3 x 10 -7 M PGE 2 (Sigma Chemicals, St Louis, MO). Half of the culture medium was replaced every week. Cord blood-derived mast cells were harvested for the experiments between 6-9 wk of culture when more than 95% of the cells were stained metachromatically with toluidine blue and positive stained for both tryptase and chymase as assessed by flow cytometry.
Human lung mast cell isolation and purification
Human lung mast cells were isolated from normal tissue of patients undergoing surgery for lung emphysema and carcinoma using an enzymatic method. 13 Human lung mast cells were purified up to 90% via selection of c-kit positive cells by magnetic cell separation (Dynalbeads, Oslo, Norway).
Human lung mast cells were cultured at a concentration of 10 6 /ml in Dulbecco's Modified Eagle Medium (DMEM) (Biological Industries) containing 10 % v/v FCS, 100 u/ml penicillin, 100 µg/ml streptomycin, 2 mM L-glutamine (DMEM+) and supplemented with 100 ng/ml SCF.
Written consent was obtained from all the volunteers according to the 
Rat peritoneal mast cell isolation and purification
Rat peritoneal mast cells were obtained from Sabra rats by peritoneal lavage and purified as previously described (metrizamide gradient, 22.5%, >96% purity). 8 The rats were cared for according to the Guidelines of the Animal
Committee of the Hebrew University of Jerusalem, Israel.
Human mast cell-fibroblast co-cultures
Human lung and cord blood-derived mast cells were seeded on confluent monolayers of the human lung fibroblast cell line (MRC 5) 14 During antisense therapy, 100 ng/ml SCF was added to cord blood-derived mast cells cocultured with 3T3 fibroblasts to support cord blood-derived mast cell viability. Therefore, in these cultures only the influence of the membrane form of SCF on cord blood-derived mast cells was selectively suppressed.
Purification of human eosinophil major basic protein
MBP was purified from eosinophils obtained from patients with marked eosinophilia as described. 15, 16 The purified protein was stored at -70° C, and samples were thawed immediately before use. MBP was judged pure by its banding pattern on SDS-PAGE after staining with Coomassie brilliant blue R.
Protein concentrations were determined using the appropriate E277 values.
Human mast cell activation and mediator assays
Cultures were incubated in Tyrode's buffer containing 0. 
SDS-PAGE immunoblot analysis
Lysates were prepared from 3 x 10 6 cells as described. 18 After protein concentration was determined by Bradford method, 19 samples were resolved in 10% SDS-PAGE under reducing conditions and transferred to polyvinylidene difluoride membranes. G i3 purified from bacterial lysates was used as positive control (Santa Cruz Biotechnology, CA). The membranes were incubated for 1 h at room temperature with 1 µg/ml rabbit anti-human G i3 (Santa Cruz Biotechnology). After the membranes were washed, the proteins were detected with secondary immunopure goat anti-rabbit antibodies conjugated with horseradish peroxidase (1:5000) (Pierce, Rockford, IL) followed by enhanced chemiluminescence (ECL, Amersham Pharmacia Biotech). Bands were scanned and their density calculated as follows: band area x (band intensity of the sample-background intensity).
Confocal laser microscopy
Fibroblasts were seeded on 12-mm cover glasses until confluency. Human lung and cord blood-derived mast cells (10 6 cells/0.5 ml) were seeded on these fibroblasts and maintained in co-culture as described above. Control cells consisted of rat peritoneal mast cells that constitutively express G i3 .
Cells were fixed and permeabilized as previously described. 
Statistical analysis
Data are expressed as mean ± SEM of at least three independent experiments. Parametric analysis (ANOVA, followed by Tukey-Kramer post hoc test) was used to compare the effects. In both cases, a probability of <0.05 was considered statistically significant. (5 µg/ml) induced a 2.9-fold increase in histamine release from cord bloodderived mast cells cocultured with 3T3 (P < 0.05, n = 5) (Figure 2A ). In contrast to these effects, no differences in histamine release were obtained when cord blood-derived mast cells cocultured with 3T3 were activated immunologically by the anti-Fc RI-chain antibody, 22E7 (2 µg/ml).
Results
Human lung mast cells in co-
PGD 2 release was also enhanced following co-culture with 3T3 fibroblasts. In fact, cord blood-derived mast cells from two different donors activated with MBP (1 µM) generated 7.7 + 1.1 and 88.9 + 39.8 ng PGD 2 /10 6 cells (P < For In contrast to PGD 2 production, cord blood-derived mast cells activated by MBP did not generate a significant amount of cys-LT both in suspension and in co-culture conditions (data not shown). In control experiments, no cys-LT or PGD 2 were released from 3T3 fibroblasts that had been incubated with 22E7 antibodies (2 µg/ml), 48/80 (5 µg/ml) or MBP (1 µM).
The fibroblast-derived membrane form of SCF is responsible for priming human mast cells to IgE-independent activation
To assess whether a soluble fibroblast-derived factor might be responsible for the high mast cell susceptibility to IgE-independent activation, cord bloodderived mast cells were incubated with conditioned media obtained from cord blood-derived mast cells cocultured with 3T3 fibroblasts or were separated from 3T3 fibroblasts using Transwell membranes. Under both culture conditions, mast cell responsiveness to MBP (1 µM) was significantly lower than that of cord blood-derived mast cells cocultured directly on 3T3 ( Figure   3A ). This suggests that a fibroblast membrane-associated factor(s) rather 
The fibroblast-derived membrane form of SCF induces G i3 expression in human mast cells
We next determined one of the possible mechanism by which mast cells in co-culture with fibroblasts increase their responsiveness to IgE-independent activation. It is known that IgE-independent secretagogues stimulate rat peritoneal mast cells by directly activating G i3 , a Ptx-sensitive G i protein that leads to mast cell exocytosis and eicosanoid generation. 24, 25 Therefore, we investigated the expression of G i3 protein in cord blood-derived mast cells in suspension and after co-culture. As shown in Figure 4A , co-culture of cord blood-derived mast cells with 3T3 fibroblasts resulted in a marked increase ( Figure  4D ). As assessed by immunoblotting and further densitometric analysis, cord blood-derived mast cells cocultured with 3T3 and treated with antisense for SCF, expressed less G i3 than the sense-treated co-cultures (2.4-folds, Figure   5A ) and than the untreated cocultured mast cells (3.7-folds, Figure 4A) . Similar decrease in G i3 expression was observed in confocal microscopy images of antisense ( Figure 5B) in comparison with sense-treated co-cultures ( Figure 5C ). Furthermore, the same co-cultures treated with antisense for
SCF
were unresponsive to MBP ( Figure  3B ). 
Discussion
In this work, we have demonstrated for the first time that highly purified human lung mast cells are responsive to the eosinophil mediator MBP when in co-culture with fibroblasts. Co-culture with fibroblasts is an in vitro culture system that is more closely to resemble in vivo conditions than the in vitro only.
For ] and metabolic energy. 26 In addition, we have recently demonstrated that IgE-desensitized rat peritoneal mast cells release histamine following incubation with MBP. The mechanism causing this release is similar to that of IgE-independent stimuli induced by cationic compounds such as compound 48/80 and substance P. 4 However, human mast cell responsiveness towards eosinophil mediators remains not extensively investigated as yet. A previous study has shown that only partially purified human heart mast cells, but not human lung and skin mast cells, released histamine, tryptase and PGD 2 when incubated with ECP and MBP. 5 In the present study, we took into account that mast cell functionality/phenotype can be dramatically affected by the microenvironment. 1 For example, murine bone marrow-derived mast cells that are mucosal type mast cells, in co-culture with 3T3 fibroblasts changed their phenotype towards connective tissue mast cells, the rodent counterpart of MC TC , and acquired responsiveness to IgEindependent stimuli in these culture conditions. 10,11 Importantly, mast cells lost their responsiveness to IgE-independent activation when the co-cultures are dispersed. 27 This observation suggests that mast cell functionality and/or phenotype may be rapidly altered once the cells are isolated from the tissue only.
22
influence. This might be in line with the lack of responsiveness of freshly isolated human lung mast cells towards IgE-independent activation. In the present study, we found that human lung mast cells respond to MBP after coculture with human lung fibroblasts whereas freshly isolated and highly purified human lung mast cells are unresponsive to the same stimulus.
Moreover, cord blood-derived mast cells that were only slightly responsive to MBP when challenged in suspension, upon co-culture with 3T3 fibroblasts became more responsive to this activation and released more histamine and PGD 2 , but not cys-LT. Similar results were found with another cationic secretagogue, compound 48/80.
The preferential production of PGD 2 over cys-LT by mast cells when activated by IgE-independent stimuli can be attributed to the larger requirement for Ca 2+ by the lipoxygenase than by the cycloxygenase pathway to exert their enzymatic activities. 28 In fact, it is known that the increase in intracellular Ca 2+ concentration, after mast cell IgE-independent activation, derived mainly from intracellular stores and is lower than that induced after IgE-dependent activation, derived from both extracellular and intracellular stores. 29 In agreement with this, we observed that cord blood-derived mast cells cocultured with 3T3 fibroblasts produced and released more cys-LT than 24 In correlation with this, we found that G i3 expression appeared to be highly localized in the plasma membrane of cord blood-derived mast cells. Besides this observation, it is possible that other changes in IgE-independent signaling can be induced during mast cellfibroblast co-culture as well, for example a decrease in the rate of G GTPase activity that regulates G i3 -mediated exocytosis.
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